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PROCESS FOR THE PREPARATION OF AN METAL-OReANiC COMPni IMn 
5 COMPRISING AT LEA^ QM^ | fr^^^n 

The Invention relates to a process for the preparation of an metal- 
organio compound comprising at least one infilne tigand aooordlng to fonnula 1. IMetal- 
organic compounds thus produced are typically used as precatEdyst in the production of 
10 polyoleflns. Imlne llgands tor these precatalyst can be guanldine. iminoimidazollne. 
ketimides or phosphinimine, the manufacturing of which Is described In WO 2070569. 
US 6114481 and US 6063879 respeclively. 

The known production processes for phosphinimine comprising 
metai-organio compounds require at least two steps: (i) the synthesis of a N-trialkylsilyl 
15 substituted Imine llgand, followed by (li) contacting this ligand with an metal-organic 
precursor. However, in the one step process for the manufacturing of the imine ligand, 
as described m 2. Naturforschung. 29b, 328(1 974) (the Staudinger reaction), azide 
chemistry is required. In this process, the most the frequently used adde Is 
azidotrimethyWIane, which is highly toxic and readUy hydrolysable, releasing the highly 

20 to)dc and both temperature and shock sensitive hydrazolc acid. TheiBfore, mMuree 
containing (pariiaily) hydroiysed trimethjrfdiylazlde may explosively decompose. 

A process for an azide-free pi^^paratfon of Imlne Uganda (l.c. 
phosphinimine) Is des«&ed In Canadian patent application CA 2,261,518. However, 
this procedure encompasses two reaction steps starting from 

26 aminophosphonlumhalldes. Another disadvantage of the method described in CA 

2.261.618. is the use of harmful and costly reagents, such as r»-butylllthium. Rnally, in 
this procedure Uie Imlne ligand Is substituted with trimethylsllylchloride, which Is 
removed as such In a reaction of tiie imine figand witii the metal-ojganic precursor. 
Known production processes for guanidlne-, ketftnlde- and iminoimidazoline comprising 

30 motai-organic compounds care described in WO 2070S69 and US 61 1 4481 .They are 
can'ied oift at low teriiperaturB and requfre in some cases a solvertt change. 

Disadvantage of the known less dangerous method Id thus that at 
least two steps are required, when starting the process with an 
aminophosphonlumhalkle. Purpose of the present invention is to provide a widely 
35 appHoable method for the manufacturing of a metaiH>rganlc compound from an imlne 
and a metal-organio precuraor in one step. 
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This atm i$ achieved in that an imine ilgand acconfing to fonnuia 1 , or 
the HA adduct thereof, wherein HA represents an acid, of which H i^resents its proton 
and A its corrugate base, is a)ntacted with a meiaJ<organic reagent of ftmnula 2 h the 
presence of at least 1, respectively 2 equivalents of b^, wherein 

Y=:N-R (fomiula 1) 

wherein Y is selected from a sulMttituted cartion, nitrogen or phosphorous atom and R 
repres^s a protic or aprotlc substituent. and: 

(formula Z) 



wherein: 

M represents a group 4 or group 5 m&tsd fon 

15 V represents the valency of the n^tat ion, being 3, 4 or 5 

U. and U represent llgands on M and may be equal or differ^t 
X represents a group 1 7 halogen atom 
k, !, m, n = 0, 1, 2, 3, 4 with k+!+m+n+1=:V 

With the method of the Invention a metal-organic compound, suitable 

20 as precatalyst in olefin polymerisationt is prepared in one step. An additional advantage 
of the method of the Invention Is, that during the process hardly any by-products are 
formed, so that further puriflcaflon is not necessary (or very limited with respect to state 
of the art processes). The metal-organfo compound prepared by the method of the 
Invention has a higher purity than a metal*organio compound prepared via known 

25 producUon processes and can be used as such In olefin polymerisation processes. An 
additional advantage of the process of the Invention Is that the process can be carried 
out at room temperature, whereas the reaction of the N-^lalkylsilyl substituted imine 
ligand with the metal-onsanic reagent has to be carried out at elevated temperatures. 

The Imine derivative or ite HA adducA, as represented in formula 1, is 

30 substituted by an Y-and an R group. In the method of the Invention, the Y group 
consists of a substituted carbon, nitrogen or phosphorous atom. If Y represents a 
substituted carbon atom, the number of substltuents is 2. If Y represents a substituted 
nitrogen atom, the number of substituents is 1 and the number of substituents is 1 or 3 if 
Y represents a phosphorous atom, depending on the valency of the phosphorous atom. 
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Substituents on carbon, nitrogen or phosphorous may be equal or different, optionally 
linked with each other, optionally having hetero atonns. Substituents may be protic or 
aprotic. A protic substituent is defined here as a substltuent whrch has at least one 
group 15 or group 1 6 atom containing at least one proton. 
5 Examples of protic subsituents Indude CrCa linear, branched or oyoRo hydrocarbyl 
radlcale, substituted with a group 15 or 16 atom bearing at least one hydrogen atom. 
Preferred protic substituents Include phenoKc radicals, pynfollo radicals, Indolfo radicate, 
and Imldazolic radtoals. 

The substituent is called apiotic if the substltueiit lacks a group 

1 0 containing a group 1 5 or group 1 9 atom bearing a proton. An unsubstitated aprotic 
hydrocarbyl radical can be a Ci^-^o linear, branched or cycBc racBcal, a hydrogen 
atom, a halogen atom, a Ci^alkoxy radical, a Cc-io^ryl or aryloxy radical, an amido 
radical, or a Ci.ao hydrocarbyl radical unsubstltuted or substituted by a halogen atom, a 
Ci^alkoxy radical, a Cwoaryl oraryioxy radical, an amido radical, a sllyi radical of the 

15 formula: - 

"-Si-R22 
R23 



20 



(fomiula 4) 



or a germanyl radical of the fomtula: 



-Ge-R22 
R23 



(fonmula 5) 



wher^n with J = 1 to 3 is independently selected from the group consisting of 
hydrogen, a Ci^ alkyi or aikoxy radical, Co-io aryl or aryloxy radicals, each substltuent 
25 may be linked with another to form a ring system, 

Tlie substltuent R oan be H. or being equal as these for the substltuent on Y. • 
Examples of imtne Irgands according to formula (1) thus Include: guanidines, 
iminofmldazolines, phosphinimines, phenollmines, pyrroleimlnes, Indoleimlnes and 
imidazolelmines* 

30 R may be linked with Y, thus forming a ring system, optionally 
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comprislng hetero atomsi or opUonaily comprising funoUonat groups. Examples of 
ligands comprising such ring systems include: 8-hydroxyqutnollne, 8>amInoquinolin6, 8- 
phosphinoquinollne. 8-tliloquinoline, 8-hydroxyquinaldine, 8-aminoquinaldlne» 8- 
phosphinoqulnaldine, &-thioqurnaldine and 7-azaindo!e or indazoTe. 
5 In the process of the Invention, HA represents an acid, of which H 

represents its proton and A its conjugate base. Examples of A are halogenides, such 
as fluoride, chloride, bromide, or iodide, sulfate, hydrogensulfate, phosphate, 
hydrogenphosphate, dihydrogenphosphate, cartjonate, hydrogencarbonate, aromatic 
or altphatic carboxyiates, cyanide, tetraf luoroborate, (substituted) tetraphenylborates, 

1 0 fluorinated tetraaryR>omtes, allcyt or aryl sulfonates. 

With "at least 1 , respectively 2 equlvalens of a base", and lateron in 
the application ''at least 3, respectively 4 equivalents of a base^ Is meant that at least 
1 , respectlveiy 3 equivalents of a base are required when the imlne ligand as such is 
used, but that at least 2, respectively 4 equivalents are required, In case the HA adduct 

15 of the Imine ligand is used. 

The metel-organic reagent used in the method of the invention is a 
reagent according to fomiula 2. In tMs fonnuia Li to Ucan independently be a 
monoanlonio ligand or a group 17 halogen aftm 

Examples of monoanlonic ligands are: halides like a fluoride, chloride, bromide or 

20 iodide, (un)8ubstltuted aliphatic or aromatic hydrocartsyls, like Ci-Czo hydracarbyl 
radicals, aryloxy or alkyloxy, cydopentadlenyls, Indenyls, tetrahydrolndenyls, 
fluorenyls, tetrahydrofluorenyls, and octahydrofluorenyis, amides, phosphides, sulfides, 
ketimidss, guanidines, iminoimidazoilnes, phosphinimkles, substituted Imlnes, like 
(hetero}aryloxyimines, pyrroleimfnes. Indoieimines, imidazolelmlnes or 

26 (hetero)aryloxides. 

Preferred monoanionlc ligands include: fluoride, chloride, bromide, 
iodide, Ci-Cao hydfocariayl radicals, cyclopentadienyl, CrCzo hydrocarbyl substituted 
cyclopentadienyls, halogen substituted C1-C20 hydrocartDyl substituted 
cyclopentadlenyls, indenyl, d-Cgo hydrocarbyl substituted indenyls, halogen 

30 substituted C1-C20 hydrocarbyl substituted Indenyls, fluorenyls, Ci-C«) hydrocarbyl 
substituted fluorenyls, halogen substituted C1-C20 hydrocarbyl substituted fluorenyls, 
C1-C46 substituted phosphinimfdes, Ci-Cs» substituted ketlmldes, C1-C30 substituted 
guanidines, C1-C30 iminoimidazolines. 

Most preferably monoanlonic ligands are selected from fluoride, 

35 chloride, bromide, iodide, cyclopentadienyl, C1-C20 hydrocarisyl (optionally containing 
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hetero- or group 17 harogen atoms), substituted cyolopentadienyls. Indenyl. 
hydrocarbyl substituted indenyls. and halogen substituted C,-Ca, hydrooarbyl 
substituted indenyls. 

Depending on the valency of the metal of the metal-organic reagent 
pi^erably at least one U. U. U or U represents a group 17 atom. If the valency of the 
metal V » 3. one or two Ifgands L may represent a group 1 7 atom. If V = 4. two or three 
Hgands L may represent a group 17 atom. If V= 6. two to four llgands L may represent 
a group 17 atom. Prefemed group 17 atom flgands em fluortde. chloride, bromide or 
iod.de atoms. The most preferred group 1 7 atom Kgand Is chloride. 

of the Invention an Imine Kgand or the HA adduct 
thereof according foformula Lte contacted with a metalKiiganIc reagent of formute 2 
in the presence of at least 1, respectively 2. equh/alents of a base. Examples of a base 
include, carboxylates (for example potassium acetate), fluorides, hydroxides, cyanides 
amides and carbonates of U. Na, K, m, Cs. ammonium and the gwup 2 metals Mg 
Ca. & Ba..the alkali metal (Li. Na. K. Rb. Cs) phosphates and the phosphate esters ieg 
Ce Hs 0P(0)(0Na)2 and related an^l and allcyl compounds) and their alkoxides and 
phenoxfdes. thallium hydroxide, alkyfammonium hydroxides and fluorides. Some of 
these bases may be used in conjunction with a phase transfer reagent, such as for 
example tstraaHcytammonium salte or crown ethers. 

Also stronger bases may be applied, like carbanions such as hydrocarbanlons of group 
1. group 2. group 12 or group 13 elements. Also the metallic alkallmetals of group 1 
may be applied as a base. 

Preferred bases include amfnas, organotHhium compounds, or 
organomagneshjm compounds, alkali metais. group 1 hydrides or gioup 2 hydHdes 
More preferred bases are mono-, dl-. or trt-, alkylamines or aromatic amines, 
organollthlum compounds, organomagneslum compound, sodium hydride 6^ 
calciumbydrlde. Under aromatic amines is understood in this application compounds 
having a nitrogen atom in an aromatic ring system or mono-, di-. or triarylamines. 
Even more preferred bases are triethylamine. pyridine, tnpropylamlne. fributylamlne 
1 .4-diazfl4,lcyclol2^.2loctane. pyn-olldine or piperidine organollthlum compounds, or 
oraanoma^eslum compounds. Examples of organomagneslum compounds are: 
methylmagnesiumhalides. phenylmagnesiumhaildes. benzyimagnesiumhaiides 
biphenylnrjagneslumhalides. naphiyimagneslumhalides, tolylmagneslumhaHdes.' 
xylyimagnesiumhalldes, mesitylmagnesiumhalides. 

dimethylresorclnolmagneslumhallde8.N,N-dimethylanlIlnemagnesiumhalfdes, 
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dimelhylmagneslumt dlphenylmagneslum, dlbenzylmagneslum, 
bi8(blphenyl)magne8ium, dtnaphtylmagnesiumt ditolylmagnesium, dixylylmagneslum, 
dimesitylmagneslum, bis(d!methylresorcinol)magnesium, bid(N,N*- 
dInteth^anilIne)magnesiuTn. 

5 Examples of organolithium compounds are: methyllithium, phenyllithium, benzylilthium. 
blphenyllithlum, naphtylllthlum, dimethylresorcinolllthlum, N,N-dlmethylanUinelithium. 

In order to make a polyolefln by a borane or borate aotivatable metal- 
orgsmio compound, the hallde groups of the metal-organic compound from th^ process 
<rf the Invention have to be alkylated or arylated. Thfs can be done for example with an 

10 organolithium compound or an organo magnesium compound. Surprisingly It has been 
found that such alkylated or arylated metal-organic compound can also be prepared In 
one step by the process of the invention by carrying out the process in the presence of 
at least 3, respectively 4 equivalents of an organomagneslum compound or an 
organolithium compound as a base. 

i 5 The reacHon is preferably carried out in a solvent. Suitable solvents 

are solvents that do not read with the metel-otganlo reagent or the metal-organic 
compound formed in the process of the invention. Examples of suitable solvents 
Include aromatic and aliphatic hydrocarbons^ halogenated hydrocarbons, anrudes of the 
aliphatic cartoxytio adds and primairy, secondary, or tertiary amines, OMSO, 

20 nftromethane, acetone, aoetonltrlle, benzonltrlle, ethers, polyeMiers, cyclic etfiers, lower 
aromatic and aliphatic ethers, «ters, pyridine, alkylpyridlnes, cyclic and pnmary, or 
secondary amines, and mixtures thereof. Prefenred solvents Include aromatic or 
aliphatic hydrocarbons or misdures thereof. 

in a preferred embodiment of the method of the Invention, R 

26 represents a hydrogen atom and Y is selected from the group consisting of: 

1} a phosphorus substituent according to the f onnula: 

R"*^ (formulas) 

30 

wherein each wKh J a i -3 is Independently selected from the group consisting of a 
hydrogen atonn. a halogen atom, a Ci^alkoxy radical, a Ce.ioaiyl or aryloxy radical, an 
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amido radical, or a C^^o hydrocarbyl radical uneubstituted or substituted by a halogen 
atom, a Ci^alkoxy radical, a C^ioaryl or aryioxy radical, an amicjo radical, a sllyl 
radical of the formula: 

(fonnula 4) 

or a gemianyl radical of the formula: 

R21 

~-Ge-R22 

R^^ (formula 5) 

10 

wherein R^, with ja1-3. Is independently selected from the group consisting of 
hydrogen, a Cvoalkyl or alkoxy radical, Ce-ioaryl or aryioxy radicals, 
eadi substltuent R^' or may be linked with another R^^ or R^ respectively to form a 
ring system, 

15 

ii) a substltuent according to fonmula 6: 

Sub' 
/ 
C 
\ 

(fOHDulae) 

20 

wherein each of Sub* and Sut^ is fridependently selected from the group consisting of 
hydrocarbyl radicals having from 1 to 30 carbon atoms: sllyl radicals, (substituted} 
amido radicals and (substituted) phosphide radlcErfs, and wherein Sub* and Sub^ may • 
be linked wltfi each other to form a ring system. 
26 Preferably Sub^ and Sub^ are each Independently selected from the group of C1 -C20 
hydrocarbyl radicals, or substituted amido radicals optionally linked by a bridging 
moiety. 
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The process of the invention can be carried out» by adding at least 1 , 
respectively at least 2 equivalents of a base to a mixture of the Irnine llgand or Its HA 
adduct and the meftal-organlo reagent thus forming a reaction mixture- The desired 
metal-organic compound is often formed instantaneously. Excess of a base may be 
5 applied without negative effects on ttie reaction product. If the reaction Is exothermic, 
the reaotion mixture may be cooled to a scritable temperature to control the reac^on. If 
the reaction Is eloWi the reaction mixture may be heated in order to Increase the 
reaction rate. During the reaction, a salt is fbnmed. The reaction mixture as obtained by 
contacting an imine or its HA adduct may be used as preoatalyst in a polyolefin 

1 0 polymerisation without an additional filtration step if the salt fomied during the reaction 
is compatiisle with the polymerisation process. If a salt free metal-organic compound is 
required, the salt can be removed by using a filtration. Depending on tiie solul^iity of 
the metal-organic compourvd, (he mixture may be heated and then filtered. An 
advantage of the present invention is that the filtrate may be used as such without 

15 further purification in a following process, such as an alkyiation or arylation step or the 
polymerisation process, if desired, the metal-organic compound may be isolated by 
dlstiliatlon of the solvent, by precipitation or by crystallisation from a suitable solvent 

The invention further relates to a process for the preparation of a 
polyolefin as described in claim 10. Such an olefin polymerisation can be carried out in 

20 solution, slurry or in the gas phase. 

In a prefOTed embodiment of the olefin polymerisation the (alkylated) 
metal-organic compound is formed In situ. By in sRu preparation is meant in this 
context, that the metal-organic conrrpound is made and subsequently activated in or 
anywhere before the reactor of the polymerisation equipment by contacting an tnrtfne or 

25 its HA adduct With an metal-organic reagent in the presence of an olefin polymerisation 
compatible base. Examples of bases compatible with the olefin polymerisation process 
include aimlnes, organomagnesium compound, organoiithium reagents, organozinc 
reagents, organoaluminum reagents* More preferred bases are: aromatic amines, 
organomagnesium compound, organolfthium reagents, organozinc reagents, 

30 organoaluminum reagents. Most preferred bases are N.N-dimethylaniline, 

diphenyirnethylamlne. triphenylamihe, dibutylmagnesium, n-butyllithlum. C1-C20 
dihydrocarbyizinc derivatives, dlisobutylaiuminlum hydride, d-Cao trihydrocarbyl 
aluminiums, or aluminoxanes. In the case where aluminoxanes are applied as a base, 
the base can be the activator. 

35 In the olefin polymerisation according to the Invention, R preferably represents a 
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hydrogen atom and Y Is preferably selecrted from the group consisting of : 
0 a phosphorus substftuent according to fomiula 3 of claim 2 or : 
y) a substituent according to formula 6 of claim 2. 

Advantages of tiie process of the Invenfion are: higher yields, higher reaction rates and 
5 wnaBer amounts of by-products. The (alkylated) metalHsrganio compounds as obtained 
by the Invented process can be used without furflier purification in the olefin 
polymerisation resulting In more aotive catalysts. 

The invention will be elucidated with some non-limiting examples: 

10 

General part 

Experiments were perfomied under a dry and 03^gen-free nitrogen 
atmosphere using Schlenk-line techniques. *H-NMR, "C-NMR-spectra and ^'P-NMR- 
speotra were measured on a Bruker Avance 300 specSrometar. Diethyl ether and ilgroin 
15 were distilled from sodium/potassium altoy; THF and toluene from potassium and 
sodium, respectively, all ha>^ng benzophenone as Indicator, 
Tri-ethylamine was disWIIed from caloiumhidoide before use. 
Other starting materiate were used as obtained. 

20 pomparatlve experiment A 

Synthesis of N.tri methvlslivltri-tetf-butvlphQahinimtn< |» 

To neat tri-ferH>utylphosphane (4.38 g, 21 .7 mmol) was added 

azidotrimethylsflane (1 . 00 mL, 0.87 g. 7.56 mmol). The mixture was heated to the 

temperature where the formation of nitrogen started (approximately 110^). A white 
25 preolpftate started to fonm. The remaining amount of azide (1 .62 g. 1 4.1 mmol) was 

added portionvwse in order to oontro! the reaction. The product was distilled resulting In 

4.20 g (66%) of Nwirimethylsilyitri.teirM)ulylphoshinimlne. 

Preparation of (CnmfNPft-BuUni, ,«^,^ CpTlCI, anri M- trimeihvtenvl-tri-tRft- 
30 butvlphoshinlmlne 

To a solution of cyclopentadienyltltanium trichloride, CpTiClg (0.430g, 
1.96 mmol) in toluene (25 mL) was added solid N-trimethylsilyltrt-rert-butylphoshlnimine 
(0.566g, 1.96 mmol). The solution was heated to 60°C for 30 minutes and subsequently 
Stirred overnight. The volatiles were removed in vacuo and the product was washed 
35 tiiree times with llgroln. Drying of the yellow solid resulted In 0.63 g (8i %). Overall yield 
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wfth respect to the phosphlne: 63%. 

Fyft ninle 1. One-step prenaration of (Cp ^TifNPft-Bul^^Ck from Tri-tert-bmvL 
- AmfnoDhosphonlum Chloride fr BuoPCINH,! and CoTlCUuBtnn trlftffivlam»ne PS b^sg 

5 a. SynmBsteoft'BusPClNHiatatmospherioptsssurd 

To a soiution of tert-butylphosphane (4.06 g, 20.1 mmol) In ether (60 mL) was 
added hexac^iloioethane (4.76 g. 20.1 mmol). The mixture became 
heteregeneous. Aoetonitrlfe (20 mL) was added to obtain a homogeneous solution. 
^P-NMR showed the osddafion to be complete. Ammonia gas was bubbled 

1 0 through at atmosj^eric pressure for 20 rrtfnutes. After 1 6 hours, ttie conversion 

appeared to b© 71% aooofding to ^'P-NIVIR. NH3 was bubbled through again for 1 0 
n^utes. The reaction was complete after stining for 3 days at room temperature 
and atmospherio pressure. The solvents were removed In vacuo resulting In 4.98 g 
(98%) of a wrtiite powder being characterized by ^H-NMR and ^V-NMR as 

1 5 tris(fert)butylamlnophosphonlum(diloride. 

b- One-step pmper&Uon of (Cp)'n(NP(t-^u)s)Ck from TrHert-butyl 

Aminophosphonlum CNoride (t-BugPaNHs) andCpTiCk using triethylamine as 
base. 

To a solution of oommeroially available CpTiCb (0.55 g, 2.S mmol) In toluene (20 
20 mL) was added ttie amlnc«>ho8phOhlumchloride prepared under a (0.63 g, 2.5 

mmol). To the almost clear solution was added an excess of trielhylamino (2.5 mL. 
18 nwnol).The reaction mixture became more heterogeneous and the colour 
(Ranged to orange. After stirring the reaction mixture overnight, the formed 
triethylarranoniumchlorlde was filtered. The solvents from the filtrate were removed 
25 In vacuo. NMR analysis Ch. and '^) showed (Cp)TI(NP(t-Bu)9)Cl2 with no 
detectable amounts of by-product. 

Fv> ^mnle II. One-step nrenaratlon of /Cp-C,.F.mfNPft-Bu)«)CIo from Tri-tert-bMtyl 
Aminnnhos phonium Ch M de ft-Bu^PClNHg^ and CD(CftF^>TiCk using trlethylamine as 
30 base 

TO a solution of CeFsCpTiClg (1 .00 g, 2.59 mmoi) (obtained by the 
method described in J. Organomet. Chem., 2000, 107 by Rausch et. al.) in toluene (60 
mL) was added f-BUgPClNHz (0.68 g, 2.59 mmol). To the orange mixture was added 
trlethylamine (1.0 mL, 7.2 mmol)- A precipitate was formed Immediately and NMR 
35 monitoring of the reaction mixture showed complete converaon to the desired 
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products, with no detectable amounts of by-produet The mbctuie was stirred for 3 days. 
The reaction mixture was filtered and the solvent and excess triethytemine were 
removed In vacuo resulting inl .22 g (83%) (Cp-C8F5)TI(NP(t-Bu)3)a2. and 'H- 
NMR showed (Cp-C6F8)Ti(NP(t-Bu)a)Cl2 wrth no detec^le amounts of by-ptoduot 

5 

Example ni. One-step preparation of (Cp>CaF ,mNPft.Bii V,^Meo from Tri.tyit-t^i,ityt 
Amlnophosphon mm chloride ftBt^pCTINH.) and CDfCJ=..mO| ^ . ^^q 
methvlmaanesiu mbronfilde as base 

To an orange mixture of CeFsCpTICIg (1 .00 g, 2.69 mmol) and t- 

1 0 BU3PCINH2 (0.68 g, 2.59 mmol) In toluene (60 ml) and THF (20mL) was added a 

MeMgBr solution In ^er {3.0M, 4.0 mL, 12 mmol) at -20°C. The reaction mixture was 
stirred for 45 minute and subsequently dried in vacuo. The residue was extracted with 
boiling ligrcAi (20 aiKl 40 mL n^ectively). The solvents were removed In vacuo 
resulting In 1.33 g (98%) of (Cp-C6F6)TKNP(t-Bu)a)Mefe with no deiedeble amounts of 

16 t^prcducL 

^car^p)e IV, One^tep preparation of CoTif NP/n-Bnyn^ f mm TT».n.^. 
AmiripphoSPhQnIum Bromide (n-Bu«PBrNHo^ and CoTlCk .. sino triethvlamlnB ha^fl 

a. SynUussis of n-Bu^rNHs 

20 Trl-/>butylphosphane (20.2 g, 0. 1 0 mol) was dissolved in acetonitrlle (200mL). The 
solution was cooled to 0°C and bromine (16.2 g, 0.10 mol) was added in 10 
minutes. An exothennic effect was observed. After 10 minutes, the cooling bath 
was removed. The bright yellow mixture was stirred for 2 hours after reaching 
room temperature. TTie mixture was again cooled to 0*C and ammonia was 

25 introchjced. An exothemial reaction occurred. The temperature increase was 

controlled by the addition rate of the ammonia. The yellow slurry turns white after 
IS minutes and ammonia was bubbled through for an acUltional 10 minutes. The 
aoetonlWIe was removed in ^cuo and the residue was extracted with 
dichioroRiethane (2x150ml}. The solution was decanted from the raiicte arxl the 

JO sdvent was eubsequentiy removed in vacuo resulting In a white solid. Yield: 28.2 g 
(95%)nHBu3PBrNH2. 

b. One-step preparation ofCpTi(NP(rhBu)^a tmm TH-n-butylAminophosphortlum 
Bromide (n-BuaPBrNHg) and CpTlCh using triethylamlne as base 

CpTICis (2.21 g, 10.1 mmoie) and />Bu3PNHaBr (3.05g 10.2 mmols), were 
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dissolved in toluene (80mL), M room temperature friethylamlne (4mL, 29 mmol) 
was added dropwise over a period of 10 minutes. The reaction mixture 
immediately became heterogeneous and the colour changed from orange to bright 
yellow. The mixture was stirred for 1 hour at room temperature (according to 'V 
5 NMR the reaction was converted completely to the desired product). The 

ammonlumsait was filtered off and washed once with 25 mL of toluene* The 
solvent was subsequently removed In vacuo leaving a ^scous residue (product 
contaminated with small amounts of solvent). In order to obtain a solid product, the 
resulting residue was dieaoived in 80 ml of hexanes and 26 mL of 
1 0 dichlorometiiane. Removing the solvent in vacuo yielded 3.4g of the product as a 
yellow solid (85%) being CpTl(NP(n-Bu)3)Ci2. 

Example V. Synthesis of trisfN.N-dlmethvlamid o^phosphoraneimido cvclopentadienvl 
tttanlumfiV^ dichioride 

15 To a cold solution (-SO^'C) of cyclopentadlenyltitanlum trichloride 

(0.50g, 2,28 mmol) In toluene (30 mL) was added N,N,N',N',N",N",N"'.N'"- 
hexamethylphosphorimidic triamlde (0.41 g, 2,3 mmol). The mixture was allowed to 
warm to room temperature. Then, triethylamine (1 .0 mU 7.2 mmol) was added. A 
precipitate formed directly after the addition of the triethylamine. ^^P-NMR reaction 

20 monitoring showed that the desired product was fbrmed without any detectabfe amount 
of by-product The reaction mixture was filtered in order to remove the 
triethyiammonium chloride. The solvents were removed in vacuo and the residue was 
crysmllised from toluene to give 0.73 g (yield: 89%) of a yellow crystalline product, 
which was characterized by ^H- and ^^P-*IMR to be trfs(IM,N- 

25 dimethyiamido)phosphoraneimido cyclopentadienyl titanrum(IV) dichioride. 

Example Vi. Synthesis of 1 .9-btsf2.e^ImethvlPh envlViminoimMazQline 
cydopentadienvl titanium dichioride 

To a suspension of 1,3-bis(2,6-dimethylphenyl)-iminoimfda2oline 

30 (1 .50 g, 5.0 mmol) (prepared according to the procedure by LToldy et al, US Patent 
4,284,642), and cyclopentadlenyltitanlum trichloride (1.10 g, 5 nimol) in toluene (80 
mL) was added triethylamine (1 .0 mL, 7.2 mmol) at ambient temperature. After stirring 
for 1 hour, the suspension was heated to reflux, then filtered hot. Cooling to ambient 
temperature gave orange crystals. vAiich were filtered, washed with cold toluene and 

35 dried (1 .36 g, 57% yield). Partial evaporation of the mother liquor and cooling to -20 
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af forded another 0.90 g (38%)- Total yield of 1 ,3*bis(2,6-dimethylphen^)' 
iminoimldazoiine cydopentadienyl titanium dichloride was 95%. 

Example VIL Synthesis of 1,3-bf9f2,6-dimetlivlDhenv»HitiinoimtdazQllne 
5 cvclopentadlenvltitanlum dimethyl 

To a suspension of 1,3-b^s(2.6-dfmBthylphe^yl)-iminolmida^oli^e 
(6.86 g, 20,0 mmol) and cyclopentadienyltitanlum trichtorlde (4.39 g, 20.0 mmol) (n 
toluene (200 mL) was added tilethylamlne (2.53 g, 25 mmol) at ambient temperature. 
After stirring for 1 hour at ambtent temperature* the thick yellow-orange suspension 

1 0 was heated to reflux and filtered hot The yellow residue was extracted with boiiing 
toluene portions of 10 mL 4 times (leaving a grey-white residue). The combined orange 
filtrates (separating yellow-orange crystels upon cooling) were cooled to O^C. Methyf 
magnesium bromide (14 mL of a 3.0 IVI solution in diethyl ether, 44. mmol) was added in 
10 minutes. The orange su^ension turned yellow gradually. The mixture was stirred 

1 6 overnight, then evaporated to dryness. The residue was extracted with boiling ligroin 
(200 mL) and the resulting suspension was filtered hot. Cooling to approx« -20**C 
afforded yellow crystals, which were filtered and washed with cold ligroin to give 2-8 g 
(32% yield) of NMR pure product. From the partially evaporated mottier liquor and 2"^ 
ligroin extract, a 2""^ fraction of pure product was obtained (1 .0 g, 11 %). Total yield of 

20 1 ,3-bl8(2,6-dimethylphenyl)-lminolmldazollne cyclopenteidienyl titanium dimetinyl was 
43%. 

Example VIIL Sy nthesis of 1 .&-bis(2,6-dimethvlPhepvlV>mlnolmidazollnQ 
cvckypentadienyi titanium dimethvi using methvtmaqnesium bromide as base. 

25 To a suspension of 1 ,3-bis(2,6-dlmethylphenyi)-iminolmidazoilne 

(2-93 g, 10.0 mmol) and cyclopentadienyltitanlum trichloride (2.19 g, 10.0 mmol) in 
toluene (100 mL) was added meth^magnesiumbromide (1 1 mL of a 3.0 M solution in 
di^yl ether, 33 mmd) at -SO^C during 10 minutes. Tne mixture was allowed to wann 
to ambient temperature to give a yellow suspension, THF (30 mL) was added, and the 

30 mixture was stirred for IS hours. The light yellow suspension was evaporated to 
dryness. The residue was extracted with boiling ligroin (100 mL). The resulting 
suspension was filtered hot The cake was extracted further witii hot ligroin (Three 
times with 60 mL until the filtrate became colourless). The combined yellow flitrates 
were partially evaporated under reduced pressure to 60 mL. Cooling to approx. 4^C 

35 afforded yellow crystals, which were filtered and washed with cold ligroin to give 2.06 g 
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(47% yield) of NMR pure l,3-bls(2,9-dlmethylphenylHmlnolmidazoBne 
cyclopentadienyl titanium dimethyl. 

Example IX. SvntiTesis of 1.34a1sf2.6>diiBOPl!DPVlp hemriVjminoImldazQiine 

5 oyolopentadienyl titanium dichloride 

a. SjfnXhoste of l,3^2,&<lll8oprop^^l)^lnc^^oB'^ 

To a mixture of 2,6^8opropylaniline (260 g. 1 .47 moO in etharK>l (1200 mL) was 
siowiy added glyoxai (1 08.5 g of a 40 w-% in water solution, 0.75 mol). The 
Bolution turned intensely red, then intensely yellow. The mixture wea heated to 

1 0 reflux overnight Cooling to 4 degrees resulted 'm crystatlisation of yellow material, 
which was filtered and washed with cold ethanol until filtrate isecame bright yellow 
(instead of brown). The bright yellow powder was dried (202.6 g, 72%). This 
dlimlne (100 g, 0.27 mol) was dissolved In ethanol (1000 mL). The mixture was 
cooled to 0*C. Sodium borohydride (102.1 g, 2.7 mol) was added In portions during 

1 S 1 hour. The mixture was allowed to warm to room temperature, then stirred 1 hour. 
The mixture was heated to reflux gently (gas evolution!) and heated to reflux for 1 
hour. After cooling, the mixture was admixed with water (2L), and the suspension 
filtered. The yellow precipitate was dried (100.1 g. 98%). 
57 g (0.15 mol) of the (Samine was dissoh/^ in tohjene (250 rnL) and heated to 

20 reflux. A solution of oyanogen bromide (1 9.1 g, 0.1 8 moi) In toiuene (1 00 mL) was 
added during the course of -1 hour, resulting In formation of a grey precifdtate in 
an orange-r«d solution. After stining at reflux for 1 hour, the mixture was cooled. 
The prec^itate was filtered, washed Wfth toluene and ilgr^n (to give 47.1 g yellow 
light powder). This powder was dissolved In wator/ethanol 400^00 mL, and 10.0 M 

26 NaOH in water was added until strongly basic (pH>1 0). The precipitate was fBtered 
and washed with water, then dried to give 37.3 g (61 .4% yield) of near pure 
product. The iminolmidazoline can be cryslalllzed to give pure material as 
colourless crystals from lx>iling llgroin (270 mL) and filtering hot to remove some 
Insoluble material (recovery 67%). 

30 b. Synthesis of 1,3-bis(2,6-da8oprqpylphmyl}-imlnoimidazc^ine cyctopentadlenyt 
titanium dichloride - • 

To a suspension of 1,3-bls(2,6-diisopropylphenyl)'imfrioimldazolinB (1.02 g, 2.5 
mmol) and cyolopentadienyititanlum trichloride (0.56 g, 2.6 mmol) in toiuene (20 
mL) was added triethylamine (0.4 mL, 4.0 mmoO at ambient temperature. After 
35 stining for 2 hours, the ttilck yellow^range suspension was filtored. and the filtrate 
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evaporated to dryness to afford 1 .31 g (89% yield) of NMR-pure 1 ,3-bis(2,e- 

dIlsopropyIphenyl).fTninoimidazoHne oyolopentadlenyltltanlum dlchloride, 
a Synth&si$ of 1,3-bt3(2,e-diisopropylphBnyl)'iminoImldBzolm^ cydopentadienyl 

titanium dlchlorlde (reversed addition) 
5 The same result as under b. was obtained when cyclopentadlenyltltanium 

trichloride and triethylamrne were admbced In toluene, and then ligand was added, 
d. %r7f/)es/5 of l,3^(2,e^^propytphenyiyimlnoimidazoline cyclopentadlenyl 

tOanlum dltMortde 

To a suspension of 1 ,3-bIs(2,6-dflsopropylphenyl)-lminolmldazolIne 
10 (2.03 g, 5.0 mmol) and cyctopentadionyltitanlum trtohloride (1 ,10 g, 6.0 mmol) In 

toluene (30 mL) was added triethylamin© (0.8 mL, 5,7 mmol) at ambient temperature. 
After stiriring for 1 hour, the thtek yellow-orange suspension was diluted witti toluene 
(50 mL) and llgroln (120 mL). The su^nslon was heated to reflux and filtered hot 
Cooling to approx. A^^C afforded yellow crystals, virfilch were filtered and washed with 
1S cold Irgroin to give 1 .34 g (46% yield) of NMR pure 1 ,»-bte(2,e-dllsopropylphenyl)- 
iminoimidazoline (^clopentadienyf titanium dichlc^ide. 

Example X, Synthesis of 1>3-bla f2,6^soDroovlph6nvlWminoimtdazQline 
ovolopentadlenvl titantum dimethyl 

20 To a suspension of 1 ,3-bls(2,6-dilsopropyIphenyl)-imlnoimldazoline 

(2.06 g, S.0 mmol) and tqralopentadienyltftanlum trichloride (1 .10 g, 6.0 mmol) in 
toluene (40 mL) was added triethylamlne (0-8 mL, 5-7 mmol) at ambient temperature. 
After sBm"ng for 2 hours, the thick yellow-orange suspension was filtered, and the 
residue washed with toluene. The dear and orange filtrate was partially evaporated 

26 (-10 mL solvent removed). After cooling to -78 (dry loe/acetone), methyl 

magnesium bromide solution (3.3 mL of a 3M solution In diethyl ether, 10.0 mmol) was 
added. The temperature of the mixture was allowed to rise to ambient temperature and 
the mixture was stin^ed overnight. The yellow suspension was evaporated to dryness. 
The residue was extracted with boiling ligroin (80 mL) and the resulting suspension 

30 was filtered hot Evaporation to -30 mL and cooling to approx. 4**C afforded yellow 
crystals, which were filtered and washed with cold llgroln to give 1 .38 g (51 % yield) of 
NMR pure product. From the partially evaporated mother liquor, a 2"^ fraction of pure 
1,3-bls(2,6-dlteopropylphenyl)-iminoimidazoline cyolopentadienyl titanium dimethyl was 
obtained (0.58 g, 19%). Total yield of 1,3.bis(2.6-diisopropylphenyl)-lminoimidazolIne 

36 cydopentadienyl titanium dimethyl: 70%. 
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CLAIMS 

1 « A process for the preparation of a metal-organic compound, comprising at 
least one imine ligand, characterized in that an imine llgand according to 
6 formula 1 or the HA adchict thereof, wher^ HA represents an acid, of which 

H represents its proton and A its conjugate base, is contacted with a metai- 
organic reagent of f onnula 2 In the presence of at least 1 , respectiveiy at least 
2 equivalents of a base, with 

1 0 Y^N-R g^s formula 1 , 

wherein Y is selected from a substituted carbon, nitrogen, or phosphorous 
Qitom and R represents a substituent, and with 

15 as formula 2. 

wherein: 

M r^resents a group 4 or group 5 metal ion 

V represents the valency of the metal ioni being 3, 4 or 5 
20 Li, L2, U. and U represi^ a ligand or a group 1 7 halogen atom on M and may 

be equal or different, X represents a group 17 halogen atom, 

Ic, I, m, n = 0, 1 . 2, 3, 4 with k+l+m+n+1=V, 
2. A process according to claim 1 wherein R represents a hydrogen atom and 

wherein Y is selected from the group consisting of: 
25 i) a phosphorus substituent defined by the fonnula: 

(formulas) 

wherein each R'*^ with j 1-3 Is Independently selected from the group 
30 consisting of a hydrogen atom, a halogen atom, a Cva alkoxy radical, a Ce-io 

aryi or aryloxy radical, an amide radical, or a C^^q hydrocarbyl radical 
unsubstrtuted or substituted by a halogen atom, a alkoxy radical, a Ce.io 
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aryl or aryloxy radical, an amido radical, a idlyl radical of the formula: 



— si-R22 

r23 

5 or a germanyl radical of the formula: 

-GG-R22 
r23 



(formula 4} 



(formula S) 



wherein R^hs independently selected from the group consisting of hydrogen, a 
10 Ci.8 alkyf or alkoxy radical, Ce-io aryl or aryloxy radicate, 

each substituent R^^ or may be linked with another or R^ to fomi a ring 
system, 

11} a substituent defined by formula 6: 

Sub^ 
/ 
C 
\ 



15 Sub*^ 



(formula 6) 



wherein each of Sub^ and Sub^ ts Independently selected from the group 
consisting of hydrocarbyl radicals hasfing from 1 to SO carbon atoms; sllyl 
radicals, (substituted) amido radicals and (substituted) phosphide radicals. 
20 and wherein Sub' and Sub^ may be linked with each otfier to fomri a ring 

system 

3. A process according to claim 1 or 2 wherein the base is an amine, a group 1 , 
2, 1 2, 1 3 hydrocarbanlon or a metal or metalloid hydride. 

4. A process acconSing to claim 3 wherein the base is an amine, a group 1 
25 hydride or a group 2 hydride, an organomagneslum- or an organollthium 

compound. 

5. A process according to daomi 4 wherein the base i& a diaikylamine, a 
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f riaikylamine, a diarylamine or a triarylamine, an organomagnesium- or an 
organolithlum compounci. 

6. A process according to clalrn 5 wherein the base is triethylamine, pyridine, 
tripropylamine, tributylamine, 1 ,4-dfaza-bfcycloI2»2.2}ootane, pyrrolidine or 

5 plparldlne, an organomagnesiuni- or an organolithium compound, 

7. A process according to dalm 1 -6, carried out in the presence of at least 3 
respectively 4 equivalents of an organolithkim* or an organomagnesium 
compound. 

8. A process according to claim 1 «6 wherein the reaction Is carried out in an 
10 aprotic solvent. 

g. A process aocorcfing to claim 8« wherein the solvent is the base. 

1 0. Process for the preparation of a polyolefin in the presence of an activator, 
characterized in that the process is cammed out In the presence of a metal- 
organic compound comprising at least on© imine ligand according to formula 1 
15 of claim 1 , obtained by a process wherein an imine, or the HA adduct thereof, 

wherein HA represents an acid, of which H represents Its proton and A its 
conjugate base, is contacted with a metal-organic reagent of fomiula 2 of 
claim 1 In the presence of at least 1 equivalent, respectively at least 2 
equivalents of a base. 

20 11. A process according to claim 1 0 wherein R represents a hydrogen atom and 
wherein Y is selected from the group consisting of: 
a phosphorus substltuent accorcBng to formula 3 or a substituent according to 
formula 6. 

12. A process according to daim 1 0 or 1 1 , carried out in the presence of at least 
26 3, respectively at least 4 equivalents of an organomagnesium- or an 

orgarioUthium compound, as tiie base. 
. 1 3. Process according to any of claims 1 0-^l 2, wherein the metai^organio 
compound is formed in situ. 
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ABSTRACT 

The Invention relates to a process for the preparation of a metal- 
organic compound, comprising at least one imin© figand. oharaoterized In that an Imlne 
5 llgand accoKJIng to formula 1 or the HA adduot thereof, wherein HA represents an acid, 
of which H represents Its proton and A Its conjugate base, is contacted with a metai- 
organio reagent of formula 2 In the presence of at least 1 , respectively at least 2 
equivalents of a base, with 

10 Y=N-R as formula 1, 

wherein Y is selected from a substituted carbon, nitrogen, or phosphorous atom and R 
represents a substltuent, and with 

as fonmula 2. 

wherein: 

M r^resents a group 4 or group S metal Ion 

V represents the valency of the metal ton, being 3, 4 or 5 
20 Li, La, U. and U represent a Hgand or a group 17 halogen atom on M and may be 

equal or different X represents a group 1 7 halogen atom, 

k, I, m, n « 0, 1 , 2, 3. 4 with k+l+m+n+iaV. 

The Invention furUier relates to a process for the preparation of a 

polyolefin in the presence of the compound prepared according to the process of the 
25 invention. 



